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确定Ⅰ、Ⅱ、Ⅲ区的 DIN 基准值分别为 64、21、14 μmol/L （0.90、0.29、0.20 mg/L），





































Estuarine and coastal eutrophication has aroused global concerns due to decadal 
increases in anthropogenic nutrients especially as nitrogen(N) and phosphorus(P) 
importing to estuaries lead to continuous expanding of coastal eutrophic zone 
worldwide, and consequences such as deterioration of water quality, nuisance algal 
blooms, changes of ecosystem structure, hypoxia and dead zones, as well as huge 
economic losses. Nutrient criteria was needed to protect estuarine and coastal waters 
from eutrophication. 
In this study, six cruises of water quality monitoring, field measurements, isotope 
tracing method, GIS technique and historical data were linked to explore nutrient 
biogeochemical behavior, and then developed nutrient criteria method in the Jiulong 
Estuary. The work provided a sound understanding of the influence of nitrification 
and disnitrification on nitrogen cycle, and built ecosystem based approaches of 
nutrient criteria establishment in an estuary, southeast China. 
Firstly, the fresh water from the Jiulong River and the sea water mixed in the 
Jiulong Estuary. On the spatial distribution, salinity, pH, transparency and dissolved 
oxygen (DO) increased gradually from the fresh water to the sea,while Chemical 
oxygen demand (COD) and Suspended solids (SS) were the opposite. The sediment of 
the Jiulong Estuary was mainly composed of sand, silty sand, sand silt ,and clayey silt. 
The largest proportion was clayey silt, followed by sandy silt. Coarser particles 
mainly distributed near the river, while fine particles were near offshore. The 
sediment types distribution could be a little different due to the dredging. 
Secondly, nitrate (NO3
-
-N), dissolved inorganic nitrogen (DIN) and total nitrogen 
(TN) presented a conservative mixing behavior in the Jiulong Estuary, and it was not 
sensitive to non-point sources. But nitrite (NO2
-
-N) and ammonium (NH4
+
-N) had an 
















The water nitrification rates in the Jiulong Estuary were between 0.18–3.53 umol 
N/(L·d), and the fastest rate was near the river. Phytoplankton absorption of DIN 
covered a very small proportion (2.58%), and there was no obvious denitrification and 
ANAMMOX. Therefore, nitrification played an important role in the oversaturation 
N2O in water. Soluble reactive phosphorus (SRP) and total phosphorus (TP) 
concentrations dropped rapidly in the upper estuary (Salinity<5‰)，and then TP 
remained a slightly decrease, while SRP varied narrowly (1.00–4.00 umol/L) in the 
middle estuary (Salinity<25‰) and then quickly diluted in high salinity region. 
Thirdly, since 2000, estuarine and coastal eutrophication became one of the 
major concerns worldwide. Nutrient criteria was needed to protect estuarine and 
coastal waters from eutrophication. However, current nutrient quality standard system 
for estuary mainly has either ignored or misunderstood ecosystem responses to 
receiving nutrients and threshold of such disturbances. Furthermore, nutrient 
distribution determined by mixing process and biogeochemical behaviors in estuary 
were not taken into account. Based on the natural geographical characteristics, 
chemical and nutrient elements, the Jiulong River Estuary was divided into three sea 
sub-areas. The nutrient data of 1997–2014 and the nutrient concentration records of 
thirty two red tides since 1986 were used for developing nutrient criteria in the 
Jiulong River Estuary. Furthermore, a cumulative frequency regressive method and a 
mixing model were used to conduct nutrient concentration gradient in different 
sub-areas. The recommended criteria values of DIN in the three sea sub-areas of the 
Jiulong River Estuary were 64, 21, 14 umol/L (0.90、0.29、0.20 mg/L), respectively, 
while the values of SRP were 0.89, 0.76, 0.89 umol/L (0.028、0.024、0.028 mg/L) due 
to the low variability in the mixing zone. 
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扮演着十分重要的角色（Nedwell and Trimmer, 1996; Ogilvie et al., 1997; Trimmer 
et al., 1998）。过去四十年内，由于人类活动向水体排放的营养盐特别是氮（N）
和磷（P）的量急剧增多，导致全球范围内沿海水体的富营养区域持续扩大（Smith, 
2003; Cao et al., 2005），造成水质恶化（Smith et al., 1987）和藻华事件（Heisler 
et al., 2008; Richardson, 1997; Valiela et al., 1997），直接导致了河口地区产生一系
列不良生态环境问题的产生，包括改变了生态系统结构（Capriulo et al., 2002）、
造成缺氧和死亡区（Conley et al., 2009a; Diaz and Rosenberg, 2008; Schindler, 
2006），并直接威胁到人类健康和经济发展（Carpenter et al., 1998; Corrales and 
Maclean, 1995; Pretty et al., 2003）。 
迄今为止，已有大量的学者开展了有关河口区域富营养化的研究，发现营养
盐的浓度和结构对于控制藻类的生物量和种类分布以及生态系统的健康起到至
关重要的作用（Carstensen et al., 2004; Beman et al., 2005; Smith, 2006; Glibert et al., 


























九龙江流域的畜禽养殖量和化肥使用量成倍增长（Chen et al., 2013），进入 21
世纪之后九龙江河口区域开始出现赤潮。然而目前，有关河口区域营养盐生物地
球化学循环的研究主要集中于河口红树林湿地（林鹏, 1985; 林鹏, 1990; 李颖, 
2008; 王玉萍, 2012; 邹航, 2014）、潮滩（刘敏, 2002; 侯立军, 2004; 王东启, 2006; 
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氮磷营养盐在沉积物-水体-空气的交换循环见图 1-1 所示（林啸, 2011）： 
 
 
图 1-1 沉积物-水体-大气营养盐循环 






有的氮含量增长趋势发展，未来的生态环境形势将更加严峻（Fields, 2004; Naqvi 
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